We determined the DNA sequence of the hag gene of Escherichia coli K-12 and deduced the primary structure of the flagellin consisting of 497 amino acid residues. Comparison of the amino acid sequence with those of other bacterial flagellins revealed a high homology in the NH2-and COOH-terminal regions.
Flagellin is the subunit protein which polymerizes to form filaments of bacterial flagella. The flagellum apparatus of Salmonella typhimurium and Escherichia coli have been the subject of extensive genetic and physicochemical studies (5, 6) . However, at the start of this work, the complete amino acid sequences of the flagellins in these bacteria remained to be clarified, and only the sequence of about 60 nucleotides had been reported for the DNA sequences of the structural genes encoding the flagellins of S. typhimurium (Hi and H2) and E. coli (hag) (20 sequence of the E. coli K-12 hag gene and the primary structure of the flagellin deduced from it. Meanwhile, the DNA sequences of the genes encoding the flagellins of four Salmonella spp. were also reported (8, 21) . Therefore, we could compare the amino acid sequences of the flagellins from E. coli and S. typhimurium to reveal a high homology in the NH2-and COOH-terminal regions but not in the central region.
The hag gene of E. coli K-12 had been previously cloned on phage X pflaH2 (10) . The 7.5-kiolobase-pair (kbp) EcoRI- Fig. 1 . DNA fragments from pBR322/hag93 digested with various restriction nucleases were sequenced by the dideoxynucleotide method (17) by using bacteriophages M13mp8, M13mp9, and Ml3mpl8 (15, 22) . The DNA sequence of the 1.7-kbp HincII fragment is presented in Fig. 2 To confirm that the open reading frame from nucleotides 1 to 1497 was the protein-coding region of the hag gene, we analyzed the amino acid composition and the amino acid sequences of both ends of purified flagellin. Flagellin of E. coli W3110 was prepared as previously described (11) and further purified by DEAE-cellulose column chromatography. The amino acid composition of the flagellin was analyzed with a Hitachi model 835 amino acid analyzer after hydrolysis of purified flagellin with methanesulfonic acid (19) ( Table 1 ). The NH2 terminus of the flagellin was also determined to be NH2-Ala-Glx (Gln or Glu) by the Edman method (7). The COOH terminus of the flagellin was digested with carboxypeptidase P, and the released amino acids were analyzed (23) . After 6 h of digestion 1.0 tnol each of Gly, Ser, and Val, 1.4 mol of Gln (or Glu), and 2.8 mol of Leu per 1.0 mol of flagellin were detected. Gly was released faster than Ser and Gln (or Glu), and Ser was released faster than Val.
Thus, the amino acid composition and the NH2-and COOIterminal sequences of mature flagellin agreed well with those deduced from the DNA sequence. Based on these findings, According to our results, E. coli K-12 flagellin is composed of 497 amino acid residues, and its molecular weight is 51,172. The amino acid composition (Table 1) shows that the flagellin contains abundant Ala, Val, Leu, Ile, Gly, Ser, Thr, Asn, Asp, Gln, and Lys. These 11 residues compose more than 90% of the total amino acid residues. No Cys, His, and Trp are present. In addition, there are also 53 acidic amino acid residues, in contrast to 36 basic ones (Table 1) . Therefore, the flagellin seems to be an acidic protein. Similar characteristics of the amino acid composition, except for the content of His, are common to bacterial flagellins of not only E. coli but also Salmonella spp., Bacillus spp., and other bacteria (3, 4, 9, 14, 18) . As far as clarified, the absence of His in flagellin is unique to E. coli; other bacterial flagellins have a few His residues.
Until now, the primary structures of flagellins have been clarified for Bacillus subtilis, Caulobacter crescentus, and four Salmonella spp. (2, 3, 8, 21 ). Among the amino acid sequences of these flagellins, a high homology is seen in the NH2-terminal and COOH-terminal regions but not in the central region. The flagellin of E. coli K-12 also has two terminal regions homologous with those of the flagellins of the above mentioned bacteria, especially S. typhimurium. A comparison of E. coli K-12 flagellin and S. typhimurium phase 1 flagellin allowed us to divide the flagellins into three regions, the NH2-terminal region of 170 residues, the COOH-terminal region of 140 residues, and the central region of 190 residues (Fig. 3) . The extent of homology is about 80% in the NH2-terminal region, about 60% in the COOH-terminal region, and about 20% in the central region. Joys and Wei supposed that these homologous and heterologous regions in a flagellin molecule were related to its functions, such as its migration to the top of the flagellar hook, its polymerization, and H antigenicity (8, 21) . Hereafter in the study of the flagellins it will be necessary to correlate these functions to the amino acid sequences in detail. Our results must be useful to such studies.
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